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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
ADVANCE RESTRICTED REPORT 
AN INVESTIGATION OF AIRCRAFT H~ATERS 
XX II I - l'IE.il.SURE:;) AND PilED I C':'ED P:::;B.F ORHAXCE OF A FLAT-
PLATE TYPE EXHAUST GAS AND ~IR HEAT EXCHANGER 
By L. M. K. Boel tel' t A. G. Gui bert I 
J . M. Rademacher , and V. D. Sanders 
SU~'lMARY 
Results of tests of the thermal performance and the static 
pressure drop ch~racteristics of a flat-plato type exhaust gas 
and air hent exchanger ore presented. The v~ntilating air 
shroud built into this heat exchanger gives characteristics of 
cross flow nnd parnllol flow . 
The ran e of the exhaust gac weight rates used in tests 
for the determination of the heat transfer rates was from 
about 1700 Ib/hr to about 5200 lb/hr . The temperature of the 
exhaust gas was maintained at approximately 16000 F. 
static pressure drop measurements were mada across both 
sides of the heat exch~n~cr under isothermal nnd non-isothermal 
conditions, Heat0r surface tcmpcratu es at the entrance and 
exit of the hent exchanger were recorded , 
Predictions of the thermal outputs and pressure drops are 
compared with the experimentally detaroined values, 
IN ... RODUCTION 
An investigation of the performance characteristics of 
this flat-plate heat exchan~er , designed for US8 in the exhaust 
gas streams of aircraft engines for cabin heating systoms and 
for wing and tail surface anti-icing systems was undertaken , 
using the large test stend of the ~echanical Engineering labo-
ratories of the University of California. 
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The following data were obtained: 
1 . Weight rates of exhaust gas and ventilating air 
2 . Temperatures of the ex~aust gas and ventilating 
nil' at the inlet and outlet of the hent ex-
changer 
3. Stntic pressure drops ncross both sides of the 
heat exchanger under isothermal and non-
isothermal conditions 
4. Surface temperatures of the heat exchanger nt 
the inlet and outlet of the ventilnting air 
side of the heat exchanger 
This investigation, part of a research program conducted 
on aircraft heat exchangers at the University of California, 
was sponsored by and conducted with the financial assistance 
of the National Advisory Committee for Aeronautics. 
A 
D 
SYMBOLS 
area of heat transfer , ft2 
urea of hoat transfer of "equivalent " cylindrical 
ends (see fig . la) of fluid passages on either 
side of the heater, ft2 
~rea of heat transfer of flut plate section of fluid 
passages on either air or gas side of henter, fta 
cross-sectional area of flow for either fluid measured 
within heater, ft2 
cross-sectional area of flow at inlet pressure measur-
ing station , ft G 
cross-sectional area of flow at outlet pressure measur-
ing station, ft2 
hydraulic diameter , ft 
Do diameter of equivalent cylindrical ends of fluid 
passago on either side of heater, ft 
lACA ARR No . 5A12 3 
F 
a 
g 
G 
K 
\ 
m 
unit th e rmal convectiv3 conductance (average with 
l eng th), Btu/hr ft 2 of 
unit th e rmal convective conductance of flui d flowing 
over equivalent cylind rical ends on e ith e r a ir or 
gas side of henter ( ave rRg a with l ane th), Btu/hr 
ft2 of 
unit th e rmal convectiv 0 conduct an ce of fluid flowing 
over flat plate section of passa g es on either side 
of heater (average with length), Btu/hr ft2 of 
thermal conv e ctive cond uctance of either fluid, 
Btu/ hr o::l 
tube arrangement modulus for in-line tube banks 
gravitational force p e r unit of mass, lb/(lb s e c 2/ft) 
we i gh t rat e of fluid pe r unit of area, l b /hr ft2 
veight r a te of fluid pa r unit of area, b a sed on minimum 
a re a , lb/hr ft Z 
isoth erma l head loss co ef fici e nt defined by equation 
6P 
== K 
'Y 
l e n g th of a duct meas ured from entrance, ft 
r a tio of cross-s e ctional area of flow before e xp a nsion 
of fluid passage to th a t af ter expans ion of fluid 
passnge 
Pw votted perimeter of a duct, ft 
q 
T 
measured r a te of en thalpy ch ange of either flUid, 
Btu/hr or k Btu/ h r (1000 Btu/hr) 
arithmetic averago mi xod- mea n a bsolut e t empe r a tura 
~ _T_l_+ __ T_2 OR 
or fluid, 
2 
mixed-m ean absolute t emp e rature of the fluid, OR 
arithme tic nv e r a~o of tho absolute temperature of the 
surface a nd of the absolute mixed-mean t emp e rature 
of tho fluid, OR 
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T. ISO mixed- mean absolute temperature of the fluid for t he i sot her rn alp res sur e d r 0 p t 0 s t s , OR 
urn mean velocity of flu i d within fluid pass~ge , ft/sec 
U over- all unit the~m~l conduct~nce , Btu/hr ft2 of 
UA over-all thermal conductance, Btu/hr of 
Vl 
'Y 
weight rate of fluid , Ib/hr 
weight density of fluid , Ib/ft 3 
6P static presslrc drop, Ib/ft 2 
6P" stutic pressure li I'0P , in , H2 0 
,. 
mean tC@PGr ~ t~ro difference for parallel flow of 
fluids , OF 
isothor~a l friction fo.ctor defined by e~uation 
= ~ 
'Y D 2g 
;11 ixed-m c an t ompcr n. tur e of fluid , OF 
Subscripts 
b 
c 
e 
f 
g 
h 
T.1 
o 
ventil ~ting a ir side 
convective conductance ( f I etc . ) and o.lso sudde~ 
t 'D t' ( " T.> Tr) C con I .-.. C Ion Ll.tc ' !~C 
otluiv .... lent cylinuricnl e ds of passagos (Ac ' fce) 
flat pl~tG sectior. of passages on e ith er side of 
he ,'1. tor (Af , f ef ) and also fluid "fi1r.1" (Tf) 
exhcust gas side 
h ea ter (Ah) 
Denn values t any section of tho hoa~er ( uu) 
rno.xirnuD values (G ) and Rlso outer dio.~eter of a 
cylindor (D)o 
o 
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p parallel flow 
av arithmetic average (Tav) 
exp sudden expansion (6P exp , Kexp) 
fric friction 
Iso isothermal conditions 
non-iS t) non-isothermal cond:i. tions 
1 point 1 , entrance section 
point 2 , exit section 
DESCRIPTION OF H3ATER ARD TESTING PROCEDURE 
The flat-pl a te heater tested is ~ p~rallel-flow unit 
with a tot n l of twenty alternate exhaust gns and ventilating 
air passages. At the entrance and exit of the ventilnting 
air side, characteristics of crossflow prevail . (See photo-
graphs , fig. 2 to 4 , diagrammatic sketch of fig. I, and also 
cut-away view of heater in fig . la.) Th e d ia g r ammat ic sketch 
in figure I gives all pertinent dimensions and the approximate 
loc a tion of the th e rmocouples used for determining the surf a c e 
tempe ratur e s. A schematic diagram of the test se tup for this 
hea t exchanger , showing t he distances from a ll t emperatur e and 
pr e ssure measur in g stations, is presented in figure lb. 
Th e v en tilating air shroud,which is p a rt of the unit, 
conveys t ho ven tilating air diagonally across the exhaust 
gas side a t the entrance ~nd ex it; but, for t he purposes of 
this r epo rt, the flow charact e ristics will be considered as 
tho se for pnr al lel flow of th e f luids. 
METHOD OF ANALYSIS 
Haat Transfer 
The evaluation of the t he rmal output of the heat ex-
Chan ge r from the experimental data wa s determined in the usual 
manner ( see any previous heat excha n ge r report of this series) . 
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The results nnd data are compiled in table I. The over-all 
therm a l conductance UA is based upon the equation: 
( I) 
where 6Tmp is the mean temperature difference for parallel-
flow of the fluids. It was determined from figure 29 of ref-
erence 1 . 
Pr ed iction of tho over- all thermal conductance of the 
heat exchanger was attompt~d . The heat flow was consider e d 
as occurring through the f l nt plat e s separating the fluid 
passages aud through equivalent cylindrical surfAces at the 
edges of the ductlikc passages over which one fluid flows 
diagonall y with r espe ct to the fluid flowin g within the 
passage . 
The equation used to determine the unit thermal conduct-
nnces of the fluids within the passages of tho heater (refer-
8nce 2) is : 
vlh ere 
= 5 . 4 X 10- 4 T 0.3 
av ( 2) 
Tav a verage temperature of fluid 
t mean l eng th of passage (in the entrance length correction 
factor, see refer ence 3) 
The equa tion usod to determine the unit thermal conduct-
unce of tho fluid flowing ovor the equivalent cylindrical 
edges (equ n tion (29) , roference 1) is : 
where 
o. 6 
Go 
D O • 4 
o 
(3) 
maximum weight r a te of fluid per unit of a r uB for flow 
past tube banks 
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Dc dia~GtGr of cyl ind ric a l edges 
F e. tub e a rr angemen t modulus for in-lin e tube banks (Fa = I 
fo r I row of tub es ) 
Th e u sc of equ~tion (3) moans tha t t he unit thermal ccnduct-
cnceove r t ho equ iva l en t cylindr ic al l ~ ud in g and troiling edges 
of th0 flnt pln tes has been postulnted t o be the sumo as th~t 
ove r the tubes of a s in g l e-r ow tube b ank . 
Th e unit thermal c onduct ~~ c es ob t ~ined using cqu~t i ons (2) 
nn~ ( 3 ) ~rc emp l oyed for celcula tion of the ther ma l conductances 
fc A over th e ~ quivnlont cyli nd ri ca l edges ~nd also over t he fl a t 
p l ate section of t he h CR t e r . The equati on used for c a l cu latinG 
the ov c r- :lll t her n:nl c ond i.lC t. ane e (s e 0 r e f f; l' on c e I, e quat i on 
( 46)) was : 
I ( 4 ) 
Equeti o n (4) th ere for e wus used to obtain the ov e r-nI l 
ther~al cenductnnces ove r tho oquivalen t c ylind ric ~l l e Qdi~g 
n~d. trr.ili:::lIs surfnce~ bot'l on th e a ir s i de , VhGT"; the ve:1.t i-
l a ting eir flows over then , and a l so O~ the g as side, where 
the exhaust ga s flows 07er similar surfaces. T~e predictod 
!~!.0l over- a.ll therr;:lal conductn::1ce was c onp tGd 9 . S being the 
su~ o f t ho over- nI l ther~nl c onduc t ances 0ve r tho c ylindr i cR l 
l (;-n:d i l1g and tr:1iling edges .:md ever tho ilE.-~ p l ate-section- of 
t hl3 110 ate r . 
(UA) ttl = (UA) 't + (Ul\.) d o n p~n es en s 
The pr vd i c t cd and ::10 a.sured value f: ('I f the -tJ::.1§1 ov c r-e.U t he r IJa l 
conductance are prGsont~d in figu r e 6 as a fu~cticn of t he ven-
til a ti ng a ir r nte . 
Snop l e Calculation 
Pr ed ict t he over-all ther~al conductance UA of th e flat 
plate ~e~t exchanger at nl 0xhaust gns wOight r ate of 2960 lb/ 
h r and a ventil atin~ ni r weigh t rate of 4000 I b/h r. Tho inl e t 
tempera t ures of thc exhaas t gas and ventilatin~ ni r arc 1600° 
and IOOe P , reGpectively. 
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(a) Flat plnte soction 
-4 fcf = 5 . 4 x 10 
o ~ GO . s ( n\ T • ---- 1 + 1. 1 "':;") 
D.V nc. 2 • 
(2 ) 
Esticate th e avernge tempcrRture o f the a ir side 
flu i d to b e ~bout 250 0 F (7100 R) . 
O . 3 
Tnv = 7.17 T = 710 0 R A.v 
G W 4000 1 8 ,000 Ib/hr ft~ = = ----- = 
A 0 . 222 
4X A 4xO.222 
= ------- = O. 0522 O . 2 D = 0.553 D = 
P 17. ° w 
t = 0 . 834 ft 
O. OR22) _ 
+ 1.1 ------ - 1 . 06 
0.834 
2F20 
x ---- x 1 . 06 0 . 553 
Flat plate h e a t transfer nrea , Af = 19 . 9 
then 
o 
= 372 Bt u/h r F 
8 
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( b) Cylindrical leading and trailing edges 
f 
ce 
= 14 • 5 x 1 0- ... Fa T f O . 4 3 
G 0 . 6 
o 
----D o . ~ 
o 
9 
(3) 
Fa= tube a,rrangement modulus = 1 (sin e; le row of t ubes ) 
Esti ma te surface temp e rature of the cylindrical 
edges of the hoater platoR to be about 660 0 F (for 
th e cylindrical e dges with ventilating air flowing 
over thClil). 
Tf 
(660+ 250) 
460 915 0 R Tf 
0.43 18.8 = --------- + = = 
2 
Go = G = 1 8 ,000 Ib/hr GO .
6 
= 357 
Do = O. 0~~56 ft Do 0 . 4= 0 . 266 
f = 14 . 5 x 10- 4 x 18 . 8 x _~i2.2_ = 36 . 6 "3 t u / h r f t 2 0 P 
CJ 0.266 
2 Hea t transfer area of cyl ind rical edges , Ae = 0.48 ft 
(fc e Ae )a. - 1 7 . 6 Btu/hr o:g' 
then 
;; 0.0569 
2 . Th e r mal conductance on th e exhaust ga s side : 
------------------------------------------
( 3 ) Fl n t p l ate section 
f f = 5. 4 X 1 0- 4 
c. 
GO • 8 ( D) 1 + 1 . 11 
DO • 2 
(2) 
NACA ARR No . 5A12 
Estimate the average temperature of the gas side 
fluid to be about 1400° F (1360° R) 
T = 1860° R av 
G = 'itT = 2960 = 14 , 900 Ib/hr ftC: --- --A 0 . 199 
D 4A ~_~.-S!-!..~~~ = O. 0560 ft = = Pw 14 . 2 
t = 1 . 30 f t 
( 1 + 1 . 1 ~) = ( 1 + 1 . 1 O. Of) 6 \ _ 1 .3-0 ) -
fcf fi . 4 x 10- 4 (9 . 57) (2200) = --------( 0 , 561) 
T 0 . :3 = 9 . 57 
0.. V 
Go . a 
= 2200 
DO • .,. 
= 0 . 56 1 
1 . 05 
( 1 . 05 ) 
Fl n t plate heat t r ans fer ~rea, Af = 19 . 9 
(fCfAf)g = 418 Btu/hr °1 
(f-~A-f) = 0 . 00239 
c1 g 
(b) Cylindrical leadin ~ ~nd trailing edges 
10 
+' 
.l-
co 
- 4 
= 14 . 5 x 10 
° 43 G 0 . 6 F T ' -.2--
a f D 0 , 4 (3) 
o 
F = tub car r an go m 0 n t ill ° d u 1 us = 1 (s in E 1 e r ow oft u be s ) 
a 
Estim ~ te s urface temper a ture of the cyli ndrical edges 
of the henter p lates to be about 10000 F (for the 
cylindric a l edges with exhaust gas flowing over them) . 
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Go = G = 14,900 Ib/hr ft2 G 0.6 320 = 0 
Do 
0, 4 
0.315 = Do = O. 056 0 f t 
-4 (320) 
f = 1 4 .5 x 10 (24. 2) -~--- = 35 7 Etu/hr ftC! of 
c e (O.31~ • 
Hoa t tr a nsf o r a rea of cylind~ic a l odge s, Ae = 0. 4 8 
( f A) = 17 . 1 Btu/ b r of co e g 
( 0 ) Fleta p l ato ze cti on 
UA = _______ 1___ ~_ = _______ 1 ______ = 197 
0. 0 0 269 + 0 ,00239 
( b ) C Y 1 i rul ric a 1 en J. s ( v e n til n t i n g f.'.. 11' fl o \vi n g: 0 v e r th e 
end s) 
UA 1 1 = --------------- = ------------ = 
C' 1 '\ 11) fc cA~) + \f~~A~ 
Btu 6 . 4 
O. 056 9 + O. 0 99.2 
a g 
(c ) Cy l indri c al ends ( exhaus t gns fl o~ i ng o ve r the ends) 
UA = 1 1 = -----------
0 .111 + C. 0!')85 = ~ . 9 
Bt u 
hr of 
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( u,\ ) 
. total = (UA) + (UA) d plates en s 
= 197 + 6.4 + 5 .8 = 209 3tu/hr of 
UA (c alculated from measured qa) = 269 Btu/hr of 
P e rcentage deviation = 22 percent 
Pressure Drop 
~~Qi~~~~~l_£~~~~~~~_~[.~ . - The is othermal static pressure 
drop on the ventilating air side of thu henter was predicted, 
using the following ideal system . which is app ro ximated by 
the actual system: 
(a) Sudden contrnction at the e trance to the heater 
section 
u m2 
- . K ----
c 2g 
(5 ) 
where u m is tho mean velocity of flof after co~tracticn 
has occurred rnd Kc is a hRad loss coefficj en t for sudden 
contraction obtained from reference 4. 
(b) Bend loss within the henter ( near the air inlet) 
as the v en tilating air turns through appr ox imntely 80 0 
= 0 . 51) (6 ) 
(S ee fi g s . 5 and 6 of reference 4 . ) 
( c) Frictional preDsur6 drop within the heater pnssag0s , 
given by tho equation 
where 
~ t 
D 
;.; 
uj]_ 
2g 
~ is t~e friction f actor for conmercial pipe. 
( 7 ) 
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(d) Bend loss witbin the heater (near the air o ltle t) 
as tho ventilating air again turns through approximately 80° 
( K b =O . 60) ( 6 ) 
( See figs . 5 and 6 of reference 4 . ) 
(e) Sudden expans i on as th e ventilating air leaves the 
heater section and enters the exit duct . 
"<1 2 
ill 
2g 
( 8) 
where Kezp is a head loss coefficient for sudden expansion 
of the fluid passage . I t is determined from the eQuation 
K e xp = ( 1 - m) 2 . 
The summation of the foregoing pressure drops was then 
the predicted magnitude of th e ventilating air side pressure 
drop . Th e deviation of the predicted values from the measured 
values was about 15 percent . The predicted and measured pres-
sure drops aro plotted in figure 7 as a function of the venti-
lating air weight rate . 
Tho isoth erm al static pressure drop on th e exhaust gas 
side of th<J het1t ex chan ger Vias pred ict ed on the basis of a 
s i milar i dea l system . This system consisted of (1) sudden 
con t r ac t ion, (2) sud d tl n e;: pan s ion , (3) sud den con t r act ion, 
(4) friction losses as tho exhaust ga s flowed through the 
heo.ter passage I ( 5 ) sudden cxpans io n as the gas left the 
heater passa,;cs , (6) sudden c ()nt r.t1.ct ion , ['.nei. (7) sudden 
expansion . The bosic eQuations applied to the c alCUlation 
of the air side static pressure drop (eQuatio ns (5), (7) , 
and (8» were again used tO~0ther with appropriate values 
of the respective hR~d loss coefficients~ 
The surumntion of the precedin6 pressure drop terms was 
considered as tho predicted v alue of the isothermal static 
pressure drop ac ross the eXhnus t gas side . The deviRtion 
of the predicted vnluos from the me~surcd sta tic pressure 
drops waS a bout 40 percent . A p lot of both the measured 
pressure drops and also of the predicted values as a function 
of the exhaust gas weight rate is presented in figure 8 . 
The data for this p l ot nrc found in table II . 
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Ov e r- a ll i sot h e r ma l h ead lo ss c oof ficients b ased on 
th o i so th erma l static pressure drops ~cross either side of 
the ex ch angor wore also dotormin e d , using t ho equation : 
( 9) 
1i..2E:= .. t~~.t~gE.!Q~1_J2.E~2.§'2~E'£_ 9:.E.QJ2 . - Pre d i c t i on 0 f the n on-
i coth0 r mnl s tatic pressure d r op uc r oss e it h e r side of t he 
hoa t ox chnnge r was attompte~ , using tho i so th e r mal stntic 
pressure d r op me:t.s ur emon t s accorcling to th e oQua t i 011 (s eG 
r 0 fer G n. c el , c t1 u ", t i 0:1 (54)) : 
6P n on- i so 
wh e r e 
AP i so i sot~0 r ma l static 
nt t eope rl" .. tur c 
p r e ssur e 
T . 
1 :30 
(10) 
~ r o p across hea t exch~nge r 
arithm o tic ave r agc of Tl a~d Ta l absolute mi xcd-
m8a~ te mperat ures of th o flu i d at i n l e t and out-
let e~is of hea t exchanGc r, respectively 
weight dens ity of fl~id evaluated nt tCDpernture Tl 
cr os s-s ecti ona l a r en of fl ow at pressure-measuring 
station ( equal areas upstrea2 nnd dG wnstream) 
The p r ed icti ons were within 15 p~ rce nt of t he oea sured 
v a lu e s on the ven tilat in g ni r side 0..:1(1. ,vit h in 20 percent of 
the measu r ed va lu ~ s ~ n t he exhaus t gas side. 30th meas ured 
and predicted value s c f t he non-isothormal s tatic p ressure 
d r op on ei t he r s i de of th o hea t ex chan g er are plotteJ in 
fi gur es 7 and 8 as functions of t he we i gh t rnte of fluid on 
t ha t s id o . 
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DISCUSSION 
Heat Tr ansfe r 
The deviation of the predic t ed values of tho over-all 
th erQal c onducta~ce froD the experimental ly determined values 
is on the average about 20 pe rcent, Oonsideration of the 
possible sources for discrepancy indicates that the mo ro 
obvious ones arc (a) hoat transf er by gaseous radiati on to 
the hente r surfaces (sec ref erence 5), (b) heat transfer by 
rad iati on from t he heater surfaces t o the cool er walls of 
the shroud and than by convGction fro~ walls of the shroud 
to th e ventilating air ( a rough ustimate of this type of 
heat tra~sfer could sccount for apprOX i mately 5 percent of 
the o. i s erG p R n c y ), ( c) the i n den t D.. t ion son th e gas sid e \'1-1 i c h 
formed th e guide vanes on t~e a ir side prob~bly increasaJ 
the unit thermal conductance on the eXhaust gas side, and 
(d) the cross-fl ow characteristics of the shroud at the 
entr ance anJ exit of th e ventilating a ir wore disregarded 
when the mean tempe rature diff.rence for de termination of 
the expericental over-all th e r ~al conductance was chosen as 
th a t for parallel flow only, 
Tecpcratures of the heater surfaces (sec table I) were 
ceas ured at sevoral po ints on th e vGntil~ting air side, three 
o t t he i nle t, and two at tho outlot se ctions. Inspecti on of 
the r e c or dod t e i.i per a t 1J. res i n d i c at est 11 at t 11 e h i g 11 est te l:1 per a-
tures usu a lly were found in tho first two of the throe th o r~o­
coupl e stati on s, locate d at th e entrance to the first two air 
pass ages . Of the two ther ~ocoup les loc a t ed a t the outlets of 
the ventilating air passages, the oue located in the passage 
near the center gave hi gher te npc rntures thon those g iven by 
the ther ~ocoup lo located at the end o f th e se c ond passago 
down fro~ the top. The highest tenporature recor ded by any 
thernocouj?le wns [, bout 1390 0 F nt the entrnnce anJ about 
1125 ° F at the outlot of the ventilating air for an exhaust 
gas inlet tGoperature of 16000 F. 
Pressure Drop 
The accurate p re d iction of tho isotheroal static pres-
sure drop across eit~ler .;ide of t h is heat exchange r is dif-
ficult because of tho cooplex ity of the passa~es (b ends , 
diagonal expans i ons in th e gas side, diaGonal flow of the 
fluids over th e leadin g and trailing edges of the flat plate 
passae;os). 
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l sothernal head loss coefficients (sea equation 9) were 
c onputed for both sides of the heat ezchan~er . It was found 
that the values of K on the eXhaust gas side were about 
50 percent c renter thnn those on the ventilating air s i de , 
which ilJere about 2.5. Cooparison of the values of K ob-
tained with previous heat exchangers shows that K for the 
exhaust gas side is usually ~uch lower than that for t~e 
7entiluting air side . (See references 6 to 11 . ) 
CONCLUSIONS 
The theroal and fluid-dynsuic perforcancc of a flat-
plGte ty?C exhaust Gas and nir heat exchan g er arc repo rted. 
}.f e t!1 0 d S 0 f pre (1 i c t i 0 ~1 0 f the he a t t l' an s fer and pre s sur e d r 01") 
char ncterist ics nrc presented . The ugreecont with expcriDcntnl 
valu gs is usually within 25 percent . 
U~iversity of California , 
Berkeley, Calif ., July 1944 . 
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R vn ta, til 
No. or i' 
23 / 02 6/0 
24 /04 482 
/7 97 363 
/8 .96 3z5 
2's" .93 694 
26 93 54/ 
/~ ':13 405 
20 95 366 
27 .96 6!l8 
28 g.5 56-¢-
21 97 439 
2Z 97 38.!l 
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TABLE I - EXPERIMENTAL RESULTS 
PLATE PARALLEL FLOW 
EXCHANGER 
ON 
TYPE 
A FLAT 
HEAT 
SIDE I--- EXHAUST GAS SIOE- t---HEATER TEMPS.- 'b~~}MANr.F 
111'0 ~ ta 7'" 1f~ Ll~ ~ 1?, t~4 t, tz ts t4 ts- L1 '["" UA ~ /~r kt;f;- or 'l'"" I' /6Ar ktjff OF /' ~ /' 'jC ~ 1!~ 
, 
508 1280 /58 /608 /330 278 1740 /32 0.0'-¢- /3/5 /3/0 /310 80'0 34cJ /070 /47 
318 2250 206 1608 1265 3~3 /770 16.5 0.0'0 125"5 /225 /260 720 780 /100 itJ7 
266 4000 250' /600 1158 44'2 /760 212 00'2 /140 /175 /125 575 575 1130 226' 
Z2!l 5200 288 1600 1121 479 1750 228 0.79 106'5 1145 /075' 510 46'S" /110 2 6 0 
601 1000 146 1604- /428 176 2.9.50 /43 0. 90' /386 /377 1360 1032 IcJ95 1070 / 36 
448 2270 247 159.5 1347 24<1 296cJ /,j'2 ().74 /278 /27,j' 1269 7.95 862 /130 2/8 
312 4050 306 15511 /Z56 335 2gl0 266 0&7 /195 /200 /150 64.5 i3i35 1140 269 
211 .5"060 332 /5~6 /227 35.9 28..;10 277 {J,83 1/60 1155 /110 572 600 /150 28g 
602 1000 146 1604- /464 /40 3.5"10 136 092 /3.94- 1386 1381 .9g8 ,/25 //00 /33 
469 2280 259 /600 /.3tf'6 2/4 3.5.90 212 a82 1269 127,1 120'2 7.9.9 897 /130 ..22.9 
342 4a:v 33/ /610 /3/2 2.90- 3520 26'6 {J,86 1225 /245 //15 720 7/0 //70 20'.3 
..2gZ 5060 358 - - - 3470 - - - - - - - - -
z 
» 
() 
» 
» 
:;:0 
:;u 
:z 
o 
Ul 
» 
rv 
en 
NACA ARR No. 5A12 
TABLE II 
ISOTHERMAL STATIC PRESSURE DROP 
W liP" liP 11 
Run (pred. ) (meas. ) 
(lb/hr) ( in. Hz 0) (in. H 2 O) 
ventilating Air Side 
57 1020 b O• 18 0.24 
58 1390 .32 .42 
59 1970 .62 .75 
51 2130 .72 • 86 
52 4100 .2.51 2.64 
53 5850 4.95 4.52 
Exhaust Gas Side 
55 2380 0.97 1.83 
60 3490 1.97 3.67 
48 3510 2.02 3.94 
56 4100 2.70 4.82 
49 4920 3.90 7.37 
61 4950 3.92 6.96 
62 6450 6.55 11.7 
50 6460 6.55 12.4 
63 8120 10.2 18,3 
51 8340 10.7 20.5 
a The values of K are based on equation 
where 
liP 
'Y 
z 
urn 
= K ---2g 
liP = 5.19 6pII Ib/ft 2 
meas. ' 
Ka-
3.8 
3.5 
3.1 
3. 1 
2.5 
2.1 
4.2 
3 .9 
4.2 
3.7 
4. 0 
3.7 
3.7 
3.5 
3.6 
3.8 
b The values of liP" are interpolated from the pred. 
curves of figs. 7 and 8. 
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TABLE I II 
NON-ISOTHERMAL STATIC PRESSURE DROP 
'II T1 Tz Tav 6Plliso 6P" non-iso 
Run Mea s ured. Pred ic t eda 
(lb/hr ) ( oR) (OR) (oR) ( in. H2 O) ( in. H2 O) ( in. 
. 
H2 O) 
Ve n til a t i ng Air Sid e 
6!1 105 0 5 6 1 1153 857 0.25 0.66 0.49 
66 15 3 0 5 6 4 1083 824 .48 1.16 ,89 
6 7 2660 56 6 975 770 1.24 2.56 2.12 
6 8 3900 561 915 738 2.35 4,25 3 ,89 
Exhaust Gas Side 
2 4 17 7 0 2 065 1725 1895 1. 02 5. 8 2 ;5. 8 0 
2 f> 2960 205 5 1 8 07 1931 2 . 72 13.7 10. 8 
2 7 3490 206 0 1840 1950 3.72 17, 3 14,5 
Bpredict e d valu e s are based on e qu a tion (10 ) 
G
Tav )1.13 
AP . = 6P. --
no n-180 1 80 T. 
18 0 
( 10) 
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NACA ARR No. 5A12 Figs. 2,3,4 
Figure 2.- Photograph of flat 
plate heat exchan-
ger with parallel-flow shroud. 
Figure 3.- Photograph of the 
inlet end of the 
eXhaust-gas passage of the 
flat plate heat e·xchanger. 
Figure 4.- Photograph of the 
outlet end of 
ventilating-air passage of 
the flat plate heat exchan-
ger. 
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Figure 5.- Thermal output of a flat plate parallel flow type hea t ex .. 
changer, as a function of the ventilating air rate. 
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Figure 7.- Static pressure drop across the air side of a flat plate parallel 
floVY type heat exchanger, as a function of ventilating air rate. 
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heat exchanger , as a function of eXhaust gas rate. 
